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Abstract 
The test and characterization of each individual manufactured MEMS structure is of major importance, both from the economic 
and quality standpoints [1-3]. A fast, cost-wise and easy to adjust testing system is a step forward on MEMS testing and 
characterization automation and cost reduction. This paper presents a processor-centric hardware assisted embedded solution to 
test MEMS structures using the built-in electrostatic actuation mechanisms. The system is based on the Leon soft-core processor, 
attached with the necessary MEMS specific hardware peripherals (capacitive readout circuit, ADC and DAC) to process the 
structure response to controlled actuation signals in real-time. The deterministic, parallel behavior of the dedicated hardware 
peripherals, allied to the simplicity of the sequential programming on a processor results in a well-suited solution to the necessary 
computational challenges. The system enables measurement of resonant frequency (Fr), quality factor (Q) and pull-in voltage 
(Vpi) within 1.5 seconds with repeatability better than 5 ppt (parts per thousand). 
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1. Introduction 
The advances on hardware programmable embedded systems technology over the past decade opened up the 
possibilities for computation intensive applications at an affordable cost. The integration and digital processing 
capabilities of these platforms are suited for the intensive signal processing necessary to inject signals and analyze 
the response of an electrostatic actuated MEMS device. 
An embedded platform for fast MEMS testing is introduced here. The platform is schematically shown in Fig.1 
and is composed by a FPGA soft-core that controls a group of programmable hardware control blocks, designed to 
provide the CPU with real-time, asynchronous information about the structure behavior. 
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The system is based on open-source tools, including both the Leon soft-core processor as well as the 
deterministic and low-latency RTEMS operating system. Fig. 2 shows the fabricated prototype platform used for 
validation. 
 
 
2. Characterization methodology 
Three critical device characteristics are measured with this testing system: Resonant frequency (Fr), Quality 
factor (Q) and Pull-in voltage (Vpi). Pull-in voltages are measured by applying three consecutive ramps with 
increasing resolution (500mV, 40mV and 1mV). Such approach allows the structure to return to the original position 
between measurements, prevents the devices from hitting the counter-electrodes, while keeping the detection fast 
and accurate. 
Fig. 3 shows the full pull-in measurement cycle where the microprocessor 3-stage ramp to determine fast and 
precisely the left and right side MEMS pull-in voltages is visible. The procedure is repeated twice for each side to 
increase robustness. During pull-in measurements, the phase detector is programmed to trigger an interrupt on the 
processor in order to switch off the actuation voltage and avoid the structure to hit the stoppers.  
The resonant frequency is measured by injecting a sine wave on one of the structure actuation electrodes while 
the other side actuation electrode is actuated in phase opposition (both sine waves have a DC positive offset). This 
configuration [1] enables to move the structure with a frequency equal to the one applied. A band-pass filter is then 
digitally adjusted and the phase difference between actuation and displacement is measured.  
 
Fig. 1. Block diagram of the MEMS test and characterization system including hardware and software 
embedded blocks. 
Fig. 2. Built prototype platform for MEMS testing and characterization. 
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A proportional controller automatically adjusts the applied frequency and filter parameters until a 90º phase shift 
is achieved (at the resonance frequency).  The quality factor is computed using the ratio between the displacement 
amplitude at the resonance frequency and displacement amplitude one decade before.  
 
3. Experimental results 
Several devices were tested using the testing MEMS platform. Fig. 4 shows a complete measurement cycle while 
Fig. 5 shows characterization results for different type of devices where their design differences are clearly captured. 
In this test, a total of 11 devices (type #1 – 4, type #2 – 2, type #3 – 2 and type #4 – 3) were used. Type #1 and #2 
have similar spring and mass with type #2 having fewer capacitor arms (higher pull-in and quality factor) and type 
#3 and #4 have exactly the same geometry but type #4 uses a damping reducing mechanism [4] and therefore has 
higher quality factor. 
Repeatability of the measurements was also performed for one device and the results of 2600 measurements for 
each characteristic are resumed in Table 1. The results are promising and full mechanical characterization was 
obtained in less than 1.5 seconds without algorithm optimization. 
 
Fig. 3. Pull-in detection full cycle showing actuation ramps and structure response. 
Fig. 4. Full measurement cycle overview (actuation and voltage readout) and inset showing 90º phase 
shift at resonance frequency. 
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Table 1. Measurement repeatability for 2600 samples (mean±std). 
Measurement Value Time (s) 
Pull-in left [V] 5.477±0.002 0.64±0.04 Pull-in right [V] 5.415±0.002 
Resonant 
frequency [Hz] 620±3.5 0.65±0.36 
Quality factor 1.76±0.008 0.21±0.01 
Total Time  1.5±0.41 
 
 
4. Conclusions and future work 
The embedded MEMS characterization platform presented here is a cost-wise tool that can effectively be used for 
device and process characterization. The three measured characteristics allow the detection of several production 
and design issues and the full-wafer testing within a tolerable amount of time is the ultimate goal. 
Greater noise immunity is now an important milestone to allow an even more accurate and fast characterization. 
Several signal processing solutions are currently being developed to produce an industrial environment-ready 
prototype. 
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Fig. 5. Characterization values for 4 different types of devices capturing the design differences between devices.  
